This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



© a *@#i^/f(jp) © # hp ta m & m 

®&m&wf$:%L (a) ^2-31624 
©int. ci. 5 tasusa-^- jfflss*-^ ¥^2^(1990)2^ 1 b 

A 01 H 4/00 7804-2B 
A 01 C 1/00 W 6838-2B 

C 12 N 5/04 

8515-4 B C 12 N 5/00 F 

©m fig HS63-180355 
@& fig Bg63( 1988) 7 ^213 

ttftmm3o&m i t&mm bs?o63^i^29b mt^&mims&no) rmit*&&&m3m&m 









m 






WKfcAFT&tt* 6 T § 12# 3 ^ 


®2S 


m 






* 


fi£ A 


*«KfljfcmW*fcm 1 TB17#12^ 


®& 


m 


# 








s*5«Miij£ m^g 6Ta5t 5^ 


®iiJ 


SI 


A 








WRfcAFffitt* 6 T § 12# 3 


<S>tH 


it 


A 


K 




file A 


*»JIMljfcffiHHfc#m 1 Tl 17*12* 


®ta 


fig 


A 


m 




WfcMUUltrffi— *BT 3T@7#1^- 


®ft 


s 


A 









■w an « 




r 






IZ 


55 


m 




4 JU 






a 


IS 


<*> 




li 




m aw & * 


1 . 36 w © « f* 




w 




■r 














g 




CD 






11 


tt 


^ a fil ^ 






t> 


a 


*. 




*■» 






•c & 




w 








£ • 














( 


ft 


m 


*< 


A? 




L ^ 












3 ) 








ma^SKiffli'xaas n •& a x a ^ c *> i' 




L 


& 


L 


tt 










A 


X 






c m 




& 


^ ^ K li ^ 




* 45 a 


2 


15 


tz 




»} 


% 










<o 


R 


( 


2 IS 


ffiE 


) 


<t Ji5 .11 






18 


W 


li 


m 


C 


-r 














tt 


^ z 






£ W 


3 . £ »fl <0 » ffl U ifi Bfl 








#> 


CD 


Of 


xt 








tt 




w 




. ^ 




2j 


iz ^ 15 






* 






t 




ffr 


a 














CO ^ 


T 




tt o T I* 




n 4 a 




e 




co 








AX 












ft * 




tz 


«> iz li % 




t S s 




<1) 




A 








n 




tt 


< 


at 




^1 co 






. . • fi 


is m ic m -r s . 




£ 


b 


iz 


& 


n 


























( i* * © tt « ) 






(2) 






a* 






^ t 






IZ 










i: 


co -c * £ 




a is ft 


a 


iS 


4* 


t4 


R 


a 




m is 


m 




Ft 






% c 










© A I 




(3) 




A 


X 


m 






m 


Tel 


ffr 








& 




nt 5J: ^ 




I* n a 




t 




































CO 


J: 




tt 




$ 




ft 










L 


tt i* 


n 


If 


tt •=> tt 0 


C n ic 58 M <* £ L T © H ^ £ ^ C « & » 


* A X 








tt 












n 


tz 






EE iz 




5 


e£ ^ tt «t- 


WC^ifcfcOTJbi. "t-L-C, C © A X 


a ? *< 






co 


& 


\* 










-Ir 


A, 


ft 


$ 


n t 






co li . * 


e & S? © H * 1= tt T f5 -3 *ij tt , K « <* 








CO 


W 












91 








* n 






tz. tz ib ~c 



— 149- 



•* 




R3 & 7? 


IC 




a. 


z> 


*- 


£ 


X § 




^ tZ O 


Z <D ft W 


fi * * 


5£ 


IS 






w 




f* M £ 


tz (i 


pa s i 






t> tl X 


l» 


tz 






isS 




T 




J® 


1& 


1= ? 3? B 


* is 


X 








9£ 




* S E 


-t 0 


9£ j& fffi 


£ 


(5] ft tz Ml 


m ft * 






■r 






£ 


i: J: o 


T fi 


JW W ffr 




^ fife A 


X ft * 




52 






m 




13 tft 




£ * g 


to 


it5. 
























( S & 


* A? t* 


-r 






*> 


<o 




& • 


m ) 






£ ffi §f u 




& 






re 


tz 


if 


-r * £ 


& & 


(C H ^. 


m 


*;:£/&< 


fife £ 




0 




<* 




iz 


ftSc 3* L 




-7- <0 K 


tt 


as s <£ *a 


T X fi 




BSJ 


ffr 




r 








tl T ^ 




. * it . 


56 IS B "C tf * # £ 


S />< ft 


T f 


z> ffi tz 


abs c isle 


acid ( 


A 


B 


A 


) 




C />< * Jz 


■r * 




& t> *> * 
1^ * ^ 


e 

h ft ft 


L 


tz 






it 


. a 




toft 


* (i S tt 5 


L . * 








*> 


ti 


* J; o 






fife * 


I* . U 




u 








EE tz *> <£ 


ft tz 


m a. * 




o tt » fife 


* ft ft 


ft 


n 


1* fi 


m 


rji irf a c 


& £> 


x » as 




X * * o 


* C X 












0 


^ S K 




fit * 




* £ . A 


B A <0 


^ TE 








& T <E i£ 


L . 


fi w r»i 



?5Ga¥2»31B24 (2) 
ff? a £ o tf ^ ^ ^ * a s ft si <o » m . ^si^ 

( n $5 w ) 

HIT. CO56H^oHttW«r«^-5 0 * CO 

AS ^-A'-^fiitAS, ifi 3 e m 

(1) IS tt # «fe 

i-T. 1 9 8 6 *7fl 3 1 Di:» i29?ll*tfi 
o ^ ^ % 70XxfA7A3-Ai:l^K, 2 
96 i*: 3E ifi sfc 8ft ^ h U •> U tz 2 0 69 S L* T ift H 
t. .tiS7KT6@i}t^LTl 8x 1 3 0«»oaK 
©rtOSfc^iSifc (1 Oaf) ±tc»a^i 0 ^-co 

^nfl^TT^fiJt^^io c o « ^ *a us ii N r y ■> > 



2 0 0 W / 


. - 


3 * > fi* 


5 o m / £ 




& f y 


K 4- > > 5 


0 309 / 


J? . £ * 


4 J •> V — 


^ 1 


0 09 > 




* T i 


V 1 0 fl? 


/ ^ «r 3ta X 


M 


s is % 


| . 3 0 sr 


/ jC <0 


£S W » 


9 -9 / Jf © 




^ m a. 




T M S 


* *S «fi 


£ O -5 ) T 




a 


± ie » ff 


« . 3 


3 B S t: 


4 - 5 m i: 






« ^ v 5 x 


1 0 * 


M CO 2 . 


4 - D ^ ^ 


V M 


S S 3JC 


*S «S ± CC S 


U s 


2 7 "C <0 


HS T iS 55 


U T 


/? ^ ^ 


£ 3 3? IT * 


o * U 


T * 3 9 


B t£ « 2 


. 4 


- D * 


^ i tt M 


S & * 


1* Jtfi ic ^ 


J\> * Hi 


L . 


2 7 r 


1 0 0 0 




x^TT 


* ^ K * 3? 




-& o C 


<o ^ K i: i 


* 4? 


li . ^ X 


± 22 <D S « 


& a 


7t ^ fr 


T T 'a U o 


T4J D 




m . 14- 


1 8 


0 # ic 


^ S£ K ^) ft 


* tt ffi 


-r s c t 


i>< X ^ o 


K is 




K o It 12 I* 


4 0 fS 


<o n f* «l 


f& ft £ ffl O 


. «l 


m <o n 


22 1* A a T 


rf -3 










A B A 




^ J K 


ft ^ ffi ffi * 


2 iS 


is) e * 


t> 3 B liii ft 




l» 5 o A 


B A & (C 




& S 


^£5f 1 0 


-15 


® {* . ^ 


£5 2 - 3 fill 




«t is $ 


n * ^ x 


( & 1 


0 «9 ) * 


ffl li X l» -5 


• * 





/h > + — U (20x10m) IZ10x20b«O 

1 O- 5 *^! 0- 4 M(DABA.*^<iMS«t(**Sltfe 

£. ABA«:^^'X^MS?«f**g*t6£*l cc^ o 
JljU>t. tOli:*^X^ SRI LjfiiLTOSo 

teJ^feSfi. 3 0 90<£fi Lfc ■> 'J »y*t A 
nfcRi5 t - U (6x4. 5 or ) * ffl i» X tr 

X i» * • : O •> t - K*li: , 0. 5 

a*OMS«fe{*iS)t&*£traift (1 Ox l 5m) 4 

ft * ffi ft E ^ /: ^ y + - U ( 2 0 x l 0 m ) A 

1 2-1 6 B$ |8I Sfc tz -ft JV 7. (O * ft ^ fi li ^ 4 ?6 

U . f£ *5 B5^£ li £ -Vif'H UX^ofco *LX. 
*£bfl(fcf£2BBic. *^^*iEt&MSfi2|:iSltfi± 
ic » t it * tt ^ -t Z o 

. ± S£ X'lft « ^ X « tS & f* T X U •* X ir 

1 2 1-CXl 5#f2J*-h* U-^Tttffi L % - •> 



V * Y A t ft IB > * - * « ^ 1 6 0 W ■» ■ « 
(2) 3S » tt » 



A B AifiS (M) 


0 


1 o- 6 


i o-* 


1 o- 4 




2 


2 


3 


3 




0 


0 


3 


1 



ABA10"*ME.T 
3 « O * T O * * * C « 1 0 - M K T 3 ffl © * ^ 

* . 5iai:*t?ai^ ABA1 0"*M"P3B 

ia ^ L t O 5 o 



«B3¥2-31624 (3) O 

ABA 1 0"*MfcH!K«!>a*X*MS*H&Kff 
# '£ . 1 9 G S i: F) ^ ffl » tt *t W l= » M 

1 4 BiClllOtt»*l : 

( # 8 0 0 0 AS f* ) <OP)4li(*3&<19^nfco 

x •* n 

2 4 _ D £ 5 x 1 0" 6 M ^ C M S fi * % T 

^ ft tg s l x & * ^ a * m s a * *s *fc *c — >a tsn 

C O 4& a (i . /h *> * — U (20x10m) I- 

A B A 1 0 * . 1 0"»»ai 0-*M*««;M'S« 
fttZmL* tOHRi tt A B Atd*ttV«* 

A B Attt;#35«tt (3»^59/j?OMSmW) 



3 ft 4 % ) Ka-r&*-^K5-6B**Lte. * 
L x s c «fc * * » * 6 H ra * * 1 4 a 113 * * L 

£ «l £ "f * * 

(2) H ** IB 

* r * ^-s k » ifi * * ^ c - aa±-cABA*& 
e n ^ l r i » * o 







6 


B 




ABAifiJff (M) 


0 


1 0** 


1 0" 5 


i o- 4 




1 0 


1 0 


1 0 


7 




0 


5 


0 


0 



X 2 





14 B 




ABAxfift (M) 


0 


1 0* 


1 0" 5 


1 0" 4 




1 0 


1 0 


1 0 


1 0 


£ff*Ml/*S* 1 0 


5 


0 


0 



& 3 



X 2 & c; « 3 ^ t. »il ^ ^ ^ 9 I: , ffr iK W P-1 
6 B ISJ & Cf 1 4 B R3 <0 ft K \z is o T . A B A ifl S 
1 0 ■* M B T « tt * ^ X Ifc 9 " 5 096a>£W*A#a> 
W^*<ffi*^nAioABAl0- 5 # lO^MSCf 
* O *t Ki & T t> . ifefftStfififi**^***^ 
is *> * n * s ;n^K^^ttfi4»^*rn 

& #> £> tl U * 

5 2 0 I: ^ t f S 1^ a©±t?ABA«iSL 

2 5 B 0 <D £ W tt W * a* L T l» * . - ** * 53 2 H 
(C *5 V.* T . B * & * & % ABA10" 4 . 1 0 "* . 
1 o^S.O r OM&2EcO*^^3^^«6J*** < ^^ L 



-151- 



n it * 




$& 


± 


T A 


B 


A 






L 


i 


4 


B 


isi 


9£ ixBr3 L 


t* tit 


M 


s 


& 


* *3 


J& 


iZ 






ft 


2 


2 


B 


s 


<D £ W ft 


Tjk L 






-5 


o 


*> 






3 


EI 


iZ 


is 




r 


. H £ ^ 




B 


A 


1 


0 *" 




1 


o 


-5 




1 


0 


-6 


& 


cf o m <a & 


CO U Jl? 










(* 






ff 


L 


T 








& £ ^ L T 










± 35 




& 




£> 






26 




ii 


*7 A, 7. CO $£ 


g |; H] 










* 




















iX iZ 








± t 


A 


B 


A 


& 




& 


£/ 




tie 


& 3? £ fT 


l l 6 B 








1 4 


S 


isa 




IS 


ir? 




L 


tz 


ft 


. M S U * 


tg ftB ic 






t 


T 




2 


0 


B 


a 


CO 








* * tt * * 


S 4 & 






5 


(c * 


tl 




n 




L 


T 




h 


o 







6 B 


A B AiS/2 (M) 


0 


1 0^ 


1 0* 


10" 1 




1 0 


1 0 


1 0 


1 0 




0 


0 


0 


0 



& A 



?3KI¥2-31624 (4) 







1 4 


a 




a b Aiaat (m> 


0 


1 O" 6 


1 o- 5 


1 0'* 




1 0 


1 0 


1 0 


1 0 




i 


0 


0 


0 



& 4 & £ 5 * £ qfl £ * ^ (c % A B A fct & 

<D*J&«£#LTl»fc. ^ 4 B C /7 t ^ S (i s 3BE 
^ ± T A B Aftiat 1 4 BHtt&ttHLfcft* 
MSiS*t2Jl!!i:iS«»25Ba(Dt1!ftt« J &iL 
t ^ 4 o tt *J , SS4 BC*»ut» & 4> & S> . 
A B A 0 . 1 0 ^ . lO^&tflO^M&JIMco*? 
il* » m & <* t>< £ W L T O * » 4 * L T u -So 

±Tfc*SL*ia£J: •? t> £ < co*n,j*a<&?apLT 

l» 4 . iw t T li A B A 1 0"*M«iaETl 0 <B CO 

& & f3 /V * t>< & S> tl tz t>< * ^^TliABAlK^i 

1 IB © t ^ A A< S ft I l^T ft 4 o t£ 



B T & 




L 




m 








ft 


T 


(1 


(i i A. £ S S d< 22 


»6 


& n tt 








e 
























ffl 




























$6 


CD 




«B 




H 








(i) 


n 






























M 


S 






*g 








« L t 2 - 3 iS TJ1 




tz HI f* 




(ft 


ft 


( 


4 


0 




) 




ffl 


or. o . 5-1 




* 136 <!: 


1 




2 


BB 






CO 










SB 


to m 






At 


L 








i 








it 






L 




w 


<o 


% 




T 


it 




fiti 3 5 u.co if* HE 


1 


* ffl 




T 






o 




CO 


AS 


& 








o r n 


t 




& 




ft 


'& 


^ 


1 


2 




P«1 T? «£ *« 4>: fll »c 


L 


* CO 1 




5 


B 






2 


0 


^ 


co 


M 




•> 


* — u 


( 


6 


0 


X 


1 


5 


u 


) 


IZ 




ft S fit t i t, i: E * 






e 


t£ 








CO 








ti . ^ iw ic A B 


A 


& £Mi 


a 






T 




U 




o 










(2) 


























^ S 


m 








it 


a 


Vj 


m 






J^e L tz & co . MS 


S 


* iS Itfe 


tz 








2 


iS 






CO 






ic 


^ L T 






e 





















CO ^ g 


0.5 - In 


l-2n 


5 -8m 




4 0 


2 0 


1 6 




14 1121 


11 2) 


[5] 



£ 6 







L . 


1 1 f*j u 2 a » t> a t 4 •* ^< 


a «) 




tl U 


^^^Ka^r^t. [] & it =? 




CO 


5t IS 


t>< 6 fe T it ^ L T ^ 5 d< v f& <0 25 # A< 




L 


T 






6 




W £ o tz ^ 0. 5 - 1 m*S5 O 






T (i 




t> co 




. 4 


0<B#*26®{* (6596) 


co *P 


CO 


1 4 


fl(* <t*Stffif*<03 596) d<iJ!)««3t 






• * 


ABAtea^frtt^r^$K 








*»$-tfTt. 7 £ S 1* £ 5 L ? V * C 






^ $ 


ttSo » 5 0 l: /fx t 3? B li , 0. 5m 


^ as 


CO 


m 




^ ft 


2 




eco|$m^r^^t>co-C. J3ft^^fi5^*<£ 


W L 


T 







— 152- 



ttKJ¥2-31624 (5) 



&0cDl2{Bf*li. 

ft W W 2 » ^ f * ^ 

- ~B . £ iff * & * 
^IK M S itfi ic 5 

* 3 a ra * > t , 35 

<h ^ o o * - 
20<B(*<0?£12 

fel t£ X ft ?f I* & ft 

ti. ^ i£ SB # * *H 

ft ^ i* ss ft £ n * 

$| SI IV 

(1) IS » i£ 

1 0 "* . 1 0 ' 4 M § 
. *> »J -h Y A> * 
£ * ( * # £ S 4 

* t x . «e « fin © 
;§ &n ?£ ** trr sft & , 4 



5 a bjj » x t> a ^ « as x * o 

1 4 in <* i* * £ * IC ft W * 
$ tl 5 i8 r.i ( a 5 H O tt as * % 

6 n o 2 £ I- - ttm 
SfciSA'SfeOttSSX* o fz t>< 

fz O 



rt/WX^.ABAO. 10-*. 
CMSS**o*fcX3 0 B M *S 

Anfc«fS> + -^rtx«£i» 
» t , 3 o - 3 6 ra * 

5? a 5 ;P x ^ , 1. 4. 8 
o ^ o f£ M S * ^ i i: 5 



* L * ft * WIS * * • 

(2) £ m 

i , 4, 8Bt3ifc«traLfc«<o««5f*Pi4=** 

* . i£7. 8. 9K**i**i*txi»*. 



& » w El l a (in 


A B AiQ 
& CM) 


*S B$ E] 

8-i 0B*na 


«£ & D5 ISJ 
3 0-3 6 B$an 


0 


+++ +++ +++ + + + 


+++ +++ +++ + + + 


1 0^ 


+++ +++ +++ +++ 


+++ +++ +++ +++ 


io-» 


+++ +++ +++ +++ 


+++ +++ +++ + + + 


1 0' 4 


± ± ± ± 


+ + + + + + +.+ + + + 



« » V? jit Bl E9 4 a IS1 


A B AiQ 

& (M) 


ii ca 

8-1 OKIfifl 


K H »4 ra 
3 0-3 6KIP-1 


0 


+ + + + + + +++ +++ 


+ + + +++ +++ +++ 


0"* 


+++ + + + ++ + 


+ + + + + + + + + +++ 


W 0"* 


+++ +++ +++ +++ 


+++ +++ +++ +++ 


1 i o- 4 


+ + + + + + 


+ + + + + + ++ + 




5 8 


u ffr a w rj 8 .a r-i 


A B Aifi 

IS. (M) 


£ is ds nn 

8-1 OD^PJl 


a * isi 

3 0-3 6D5GI 


0 


+++ +++ + + 


+++ + + + +++ +++ 


1 0* 


+ + + +++ ++ + 


+++ +++ + + + + + + 


i o-* 


+++ +++ + + + +++ 


+++ +++ +++ +++ 




+++ + + + 


+++ +++ +++ + 




S 9 



fz fz L s + + +(i^<oM*d<p}ft^n/rC<!i 

t U S l» i i T 5 * ^ S i f i ^ "J ^ t * ^ 

L X A^i o « 7'. 8li*n^titt»*^^ 

-&MS38E^* 0 H6lC|SIt:'&2 7x<ot*aix3iaRa» 

M S 55^*S^t-S^'A2 7 r O « .« X 2 B ra !ft 
It L /: ft # » * ^ t t ^ 4 o 

S 7 . ' 8 . 9*»bW&^'i*?ts 30 — 36 

us ca a» it t * o < o«E»**fc*^^**^ 14 * 

ABA^SCC** 9M&tt<#Jfc<0tfi*3!l<*<0?I*ft 

a< it ffi $ n x A^o^sK3&<SJwrao«:*£Bfjaic 
eH ^. \* z> - ^ *> * % * o 

id 

10"*. 1 0* 4 MoCM S »^*21fiT 2 iBIiilJgS 
^^IVt(^«tci/y^yjU J &An/:ffi^*> + 

-i/rtri2B$Rii«fid*^« *tx* i a na & 



-153- 



£. # * ii n -r * . 

(2) 3? » t£ * 

i a b * i 0 4<fl ra « * w a t * « © « * <* 



e « n? a jw n 




AB Aifi/aC (M) 






0 


30 


26 


i o- 6 


30 


26 


1 0"* 


30 


30 


1 O" 4 


30 


2 7 





1 0 * 


^BAiSJS (M) 






ISIS) 


2 EM 


3313 


4 SIS) 


0 


27 


0 


3 


4 


6 


1 0^ 


30 


0 


5 


6 


8 


1 O" 5 


30 


0 


1 2 


1 2 


15 


1 0"< 


3 


0 


8 


1 0 


1 0 



?5B3¥2-31B24 (6) 

£ 1 0«lJSffl9E«B ! «.a©' li '* x * MS3S ^ 
t2J|filcSS**2 7 X»«»"e 2 

tfc *? *> *> '* » * * L « « 1 1 « 1 0 * B3 <£ « K= 
a««*.***MS»X»S*K*«»2 7 , C®** 

» T 1 . 2. 3. 4iBia«l=J.ftUfc*#*^^ 
Kl ±. © SS W 1 — V A» 6 to S A 5 'K » * 

A /l. x 4 1 W ^ S i 11 *' *> & W"Kfit?BK t> 54 

^ir)«LT«£«Ufc«6l-t>x a* © £ a *< o . 5 
~l M *«©ftS3SKU. §ta*£E©3 5%*< 

( ft'W OS**) 



0 il © ffl * t£ 'A « 

g 1 SI li A B A 1 0^ M T 3 B H « S '* K « 

4SiiaE^±-eA BA*aau i 4 b m «: « a l 



asARBA # s ± » a a s 




IS 1 




2 




— 154 — 



r » 




% 3 B 




X 

* i A 

/ 

r 



?3Ba^F<>-31624 (7) 





©60 



— 155 — 



1 9 . Japanese Patent Office ( JP) 

12. Official Gazette of Patent Publication (A) 

1 1 . Patent Application Publication No. 1 990-3 1 624 

43: Date of publication: February 1, 1990 



5 1 . International Classification Code 
A01H 4/00 

A01C 1/00 W 
C12N 5/04 

C12N 5/00 F 



Internal Classification Number 
7804-2B 
6838-2B 
8515-4B 



Request for Examination: Requested Number of claims: 1 (total 7 pages) 



54. Title of Invention: Method of Manufacturing Synthetic Seeds 

21. Application Number: 1988-180355 

22. Filing Date: July 21, 1988 

Article 30.1 of Japanese Patent Act applicable: Published on January 29, 1988, by 
Tohoku University Agricultural Research Institute in "Tohoku University 
Agricultural Research Paper; Vol. 39, No. 1" 

72. Inventor: Noboru Kaimori 

No. 12-3, 6-chome, Kashiwazaki, Hachinohe City, Aomori 
Prefecture 

72. Inventor: Shigeto Takahashi 

No. 17-12, 1-chome, Nankodai Minami, Sendai City, 

Miyagi Prefecture 
72. Inventor: Mamoru Ouchi 

No. 5-5, 6-chome, Shouran, Sendai City, Miyagi Prefecture 
71. Applicant: Noboru Kaimori 

No. 12-3, 6-chome, Kashiwazaki, Hachinohe City, Aomori 

Prefecture 

71. Inventor: Shigeto Takahashi 

No. 17-12, 1 -chome, Nankodai Minami, Sendai City, 

Miyagi Prefecture 
71 . Inventor: Tohoku Electric Power Corporation 

No. 7-1, 3-chome, Ichiban-cho, Sendai City, Miyagi 

Prefecture 

74. Attorney: Takehiko Suzue, patent attorney (and two others) 



SPECIFICATION 



1. TITLE OF INVENTION 

Method of Manufacturing Synthetic Seeds 

2. SCOPE OF CLAIM 

In synthetic seeds manufactured by using plant adventitious embryos, a method of 
manufacturing synthetic seeds characterized by that the said adventitious embryos are 
dried and stored. 

3. DETAILED DESCRIPTION OF INVENTION 

[Field of industrial application] The present invention is relative to the synthetic seeds 
manufactured by using plant adventitious embryos, and, in particular, to the method of 
manufacturing the said seeds that enables their long-term storage. 

[Conventional art] 

In recent years, synthetic seeds have been drawing much attention as a plant mass- 
reproduction method using plant tissue cultures. The synthetic seeds comprise 
adventitious embryos or embryoid bodies differentiated from the callus and embedded in 
capsules with nutrients and other substances, whereby artificially making these synthetic 
seeds act as reproductive bodies. An advantage possessed by synthetic seeds over natural 
seeds is that weakened viruses, fertilizers or pesticides may be sealed into the gel 
containing embryoid bodies to give the seeds such functions that are not found in natural 
seeds. 

[Problems to be resolved by the present invention] 

Although adventitious embryos used for synthetic seeds have the same shape and grow in 
the same way as embryos developed by fertilization (fertilized embryos), they differ from 
the latter in that they have no seed coat, little nutrients stored for initial growth, different 
growth power, and a better storability. Therefore, the following major problems have to 
be resolved in order to put them to practical use: 

(1) Obtain high-quality adventitious embryos in large numbers having little 
idiovariation and high growth power; 



(2) Find embedding materials and methods which will allow the same handling as 
that for natural seeds; and 

(3) Establish a method of long-term storage for synthetic seeds. 

In conventional art, adventitious embryos are capsulized with nutrients and the like in an 
environment with high water content because this is deemed essential to adventitious 
embryos for the reproduction of plant bodies. However, these adventitious embryos 
cannot be stored for a long period of time. 

The purpose of the present invention is to provide a method of manufacturing synthetic 
seeds that allows a long-term storage of these seeds by reducing the water content of 
adventitious embryos and putting them in a dry state, which has been considered a 
hindrance to the reproduction of plant bodies, and by reproducing plant bodies from the 
dried adventitious embryos in the same manner as from the non-dried embryos. 

[Means to resolve the problem] 

It is known that fertile embryos can withstand drying once they reach a certain stage of 
their growth and that the embryos of mature seeds can be dried and stored at a low 
temperature for a long period of time. It is also thought that the abscisic acid (ABA) 
content of fertile embryos increases before the water content drops. 

Adventitious embryos that have differentiated from the callus differ from fertile embryos 
in their origin and do not have the ability to produce seeds as plants usually do. However, 
it would be extremely convenient for long-term storage if adventitious embryos were able 
to withstand drying. Thus, adventitious embryos formed from the callus were dried with 
and without the presence of ABA and, after a long period of storage, the reproduction of 
plant bodies was studied thoroughly. As a result of this study, it was discovered that, even 
after a long period of storage, the dried adventitious embryos could produce plant bodies. 
These findings have led us to the present invention. 

[Embodiments] 

The embodiments of the present invention are described below. The materials used in 
these experiments are commercially available carrots (name: Super Large 5 -inch Carrots, 
by Watanabe Seeds and Seedlings Co., Ltd.). Adventitious embryos of carrots are formed 
through the stages of globular embryos, heat-shaped embryos, and torpedo-shaped 
embryos, as is the case with fertile embryos. 

Experiment I: 

Plant body reproduction from dried calluses with adventitious embryos 



(1) Method of experiment 

On July 31 , 1986, the seeds of the above experiment material were soaked in 70% 
ethyl alcohol for 1 minute and 2% sodium hypochlorite for 20 minutes for sterilization. 
The seeds were then washed 6 times in aseptic water and disseminated on an agar 
medium (10 ml) in a test tube of 1 8 mm x 1 30 mm. These seeds were grown in a 
brightly-lit laboratory room devoid of direct sunlight. The above agar medium was 
comprised of an MS medium of 200 mg/1 of glycine, 50 mg/1 of nicotine acid, 50 mg/1 of 
hydrochloric acid pyridoxin, 10 mg/1 of myoinositol, and 10 mg/1 of hydrochloric acid 
thiamin, added with 30 g/1 of sucrose and 9 g/1 of agar (hereinafter called "MS basal 
medium"). 

On the 33 rd day from the above dissemination, embryonic axes cut to 4 to 5mm were 
placed on a MS basal medium containing 5 x 1 0" 6 M of 2, 4 - D and cultured at a 
temperature of 27°C in the dark so that calluses might be induced. On the 39 th day, the 
induced calluses were transplanted to a MS basal media which did not contain 2, 4 - D 
and put under approximately 1,000 luxes at 27°C to induce adventitious embryos. The 
culture in the present experiment was always conducted under the above temperature and 
light conditions. The differentiation of adventitious embryos was confirmed from 14 to 
1 8 days thereafter. A 40-time stereoscopic microscope was used to confirm adventitious 
embryos, while the confirmation of young seedlings was done macroscopically. 

The ABA treatment was conducted during 3 days 2 weeks after the confirmation of the 
differentiation of adventitious embryos. Calluses (about 10 mg) in which 10 to 15 bodies 
of torpedo-shaped adventitious embryos and 2 to 3 young seedlings had been confirmed 
were used for the ABA treatment. For this treatment, the calluses were placed on 6 paper 
filters of 10 mm x 20 mm (Toyo Filter 2) superposed in a small plate (20 mm x 10 mm) 
in which 1 cc each of liquid MS medium containing 10**, 10* 5 , and 10" 4 of ABA and one 
without ABA had been added. 

Deep plates (6 cm x 4.5 cm) with 30 g of silica gel were used for drying. Small plates 
(20 mm x 10 mm) with 4 superposed paper filters (10 mm x 15 mm) containing 0.5 ml of 
liquid MS medium were placed in the high plates. The calluses were placed on these 
paper filters and the high plates were sealed with Para film for drying. In 12 to 16 hours 
from the beginning of the treatment, the water content of the callus was approximately 
4%, indicating a dry state. The blue colour of the silica gel after drying was of almost the 
same colour as that before drying. The callus was transferred to and directly placed on a 
MS basal medium for observation 2 days after the beginning of the drying treatment. 

The above experiment above was conducted entirely under aseptic conditions. The liquid 
medium and agar medium were autoclaved at 121 °C for 1 5 minutes, while the silica gel 
and high plates were dry-heat sterilized at 1 60°C for 1 hour. 



(2) Results of the experiment 



Table 1 shows the results of 35 days of dried callus culture on a MS basal medium. 



Table 1 



ABA Concentration (M) 


0 


10" 6 


io- 5 


10 -4 


Number of Sample Calluses 


2 


2 


3 


3 


Number of Survivor Calluses 


0 


0 


3 


1 



As is clearly demonstrated in Table 1 , the reproduction of a large number of plant bodies 
was confirmed in all three calluses in the area 10" 5 M and one callus out of three in the 
area 10 -4 M. The photograph in Fig. 1 shows the state of growth on the 1 8 th day from the 
date of placing the young carrot plants in the MS basal medium. These young carrot 
plants were reproduced from the calluses that had been cultured in ABA 10" 5 M for 3 days 
and dried thereafter. 

Young seedlings that could be confirmed macroscopically before the drying in both the 
areas ABA 1 0" 5 M and 1 0"* M all turned brown and died as a result of drying. The 
reproduced bodies in the area ABA 10~ 5 M were transplanted to another test tube on the 
19 lh day from the date of planting the calluses in the MS medium. Subsequently, on the 
14 th day from the transplanting, part of the above bodies were transferred to another test 
tube. A large number of reproduced bodies (about 8,000 bodies) were obtained by 
repeating this process twice. 

Experiment II: 

Storage of dried calluses with adventitious embryos and reproduction of plant bodies 

(1) Method of experiment 

Calluses that had been subcultured in an MS basal medium containing 5 x lO^M of 2, 
4-D were cultured in an MS basal medium for one week and then ABA treated for a 
period of 10 days. This was conducted by superposing 6 paper filters (10 mm x 15 mm) 
in a small plate (20 mm x 1 0 mm) and adding 1 cc each of liquid MS medium containing 
10" 6 , 10" 5 , and 10^ of ABA and a control medium without ABA. The calluses were placed 
on these paper filters. The same experiment was conducted using agar media (agar 5 g/1 
MS medium) having the same ABA concentrations as those of the above experiment. 

Small, covered plates were placed in deep plates with 30 g of silica gel for drying. Five to 
6 days were required in order to obtain a dry state (about 4% of water content). After 
storing dry calluses for 6 days and 14 days respectively, they were directly placed in a 
MS basal medium and observed. 



(2) Results of the experiment 

Adventitious embryo calluses were ABA treated and dried on paper filters. They were 
placed on MS basal media after being dry stored for 6 days and 14 days. Tables 2 and 3 
below show the number of survivor calluses 30 days after the date of placing the stored 
calluses on MS basal media. 



Table 2 



Dry-storage Period 


6 days 


ABA Concentration (M) 


0 


10* 


io-^ 


10^ 


Number of Sample Calluses 


10 


10 


10 


7 


Number of Survivor Calluses 


0 


5 


0 


0 


Table 3 


Dry-storage Period 


14 days 


ABA Concentration (M) 


0 


10* 


10 s 


10" 4 


Number of Sample Calluses 


10 


10 


10 


10 


Number of Survivor Calluses 


0 


5 


0 


0 



As is clearly shown in Tables 2 and 3, the reproduction of plant bodies was observed in 
50% of the sample calluses in the area where the ABA concentration waslO" 6 M for both 
the 6-day and 14-day storage periods. White callus tissues, which indicated life, were 
observed in both the 10" 5 and 10 -4 M of ABA concentration areas and the control area. 
However, neither callus multiplication nor plant body reproduction could be observed 
even 2 months after the beginning of the induction of reproduction. 

The photograph in Fig. 2 shows the state of growth of plant bodies 25 days after the dried 
calluses were placed on MS basal media. These calluses were first treated with ABA on 
paper filters and dry-stored for 6 days. Fig. 2 shows, from left to right, the state of growth 
of plant bodies from the ABA lO^M-, 10" 5 M-, 10" 6 M-, and 0 M-treated calluses. The 
photograph in Fig. 3 shows the state of growth of plant bodies 22 days after the dried 
calluses were placed on MS basal media. These calluses were first treated with ABA on 
paper filters and dry-stored for 14 days. Fig. 3 shows, from left to right, the state of 
growth of plant bodies from the ABA 10^M-, 10' 5 M-, 10" 6 M-, and 0 M-treated calluses, 
while the white squares above the test tubes are the paper filters that were used to dry the 
calluses. 

Separately, adventitious embryo calluses were ABA treated and dried on the agar. They 
were placed on MS basal media after being dry stored for 6 days and 14 days 



respectively. Tables 4 and 5 below show the number of survivor calluses 20 days after the 
date of placing the stored calluses on MS basal media. 

Table 4 



Dry-storage Period 


6 days 


ABA Concentration (M) 


0 


10" 6 


10° 


10" 


Number of Sample Calluses 


10 


10 


10 


10 


Number of Survivor Calluses 


0 


0 


0 


0 


Table 5 


Dry-storage Period 


14 days 


ABA Concentration (M) 


0 


10* 


lO" 5 


lO"" 


Number of Sample Calluses 


10 


10 


10 


10 


Number of Survivor Calluses 


1 


0 


0 


0 



As is clearly shown in Tables 4 and 5, after 14 days only 1 callus in the area not treated 
with ABA remained alive. The photograph in Fig. 4 shows the state of growth of plant 
bodies 25 days after the dried calluses were placed on MS basal media. These calluses 
were treated with ABA on the agar and dry-stored for 14 days. Fig. 4 shows, from left to 
right, the state of growth of plant bodies from the ABA 0 M-, lO^M-, 10" 5 M- and 10^ M- 
treated calluses. 

Thus, more calluses survived when they were dried on paper filters rather than on the 
agar. In the first case, 10 calluses survived in the ABA 10* 6 M-treated area, while in the 
latter case only 1 survived in the area not treated with ABA. Five to 6 days were required 
for the calluses on both paper filters and agar to dry, and no difference was observed 
between treated and non-treated areas. 



Experiment III: 

Plant body reproduction by dried adventitious embryos 

(1) Method of experiment: 

Torpedo-shaped adventitious embryos 0.5 mm or longer but shorter than and those 1 
mm or longer but shorter than 2 mm, as well as young seedlings between 5 mm and 8 
mm, were separated from the calluses that had been transplanted in a MS basal medium 2 
to 3 weeks earlier by using a stereoscopic microscope. These adventitious embryos and 
young seedlings were then dried using the same method as in Experiment I, except that a 



paper filter of 35 mm in diameter was used for the present experiment. The adventitious 
embryos and the young seedlings all reached a dry state about 12 hours after the 
beginning of the drying operation. Subsequently, 1.5 days after they became dry, the 
dried adventitious embryos and young seedlings together with the paper filter were placed 
directly in small plates (60 mm x 15 mm) containing 20 ml of MS basal medium. No 
ABA treatment was performed prior to the drying in the present experiment. 

(2) Results of the experiment: 

Table 6 shows the number of reproduced plant bodies from the dried torpedo-shaped 
adventitious embryos and young seedlings that were placed in MS basal media for 2 
weeks. 



Table 6 



Total length of Adventitious 
Embryos/Y oung Seedlings 


0.5 mm = 
< 1 mm 


1 mm = 
< 2 mm 


5mm = 
= 8 mm 


Number of Sample 
Adventitious Embryos 


40 


20 


16 


Number of Reproduced 
Adventitious Embryos 


14(12) 


(12) 


[5] 



The numbers in brackets ( ) indicate those adventitious embryos that remained white 2 
weeks later without a sign of growth, while the numbers in square brackets [ ] indicate the 
number of bodies that were alive with white leaves and root tips. The remaining embryos 
turned brown. 

As is clearly shown in Table 6, 26 out of 40 bodies (65%) were alive after being placed in 
a MS basal medium in the case of adventitious embryos as long as or longer than 0.5 mm 
but shorter than 1 mm. Of those survivors, 14 bodies (35% of sample bodies) became 
young seedlings. Therefore, it is confirmed that dried adventitious embryos without the 
ABA treatment survive. The photograph in Fig. 5 shows the result of 2 weeks' culture of 
dried torpedo-shaped adventitious embryos shorter than 0.5 mm [translator's comment: 
this should read 1 mm] before drying. The black parts indicate growing bodies. After 5 
weeks the remaining 12 bodies stayed white and showed no signs of growth. 

On the other hand, the 14 bodies that had begun growing continued to grow and became 
young seedlings 5 weeks after they were placed in an MS medium (3 weeks after the state 
in Fig. 5) as shown in the photograph in Fig. 6. Also, 12 out of 20 of the adventitious 
embryos as long as or longer than 1 mm but shorter than 2 mm remained white and 
showed no signs of growth even after 5 weeks. As well, the young seedlings whose 
leaves and root tips were white did not grow. 



Experiment IV: 

(1) Method of experiment 

Soft, yellowish-white calluses were cultured for 30 days in MS basal media 
containing 0, 1 0 -6 , 10~ 5 , and 10" 4 M ABA and dried in deep plates containing silica gel 
(water content: 4%). In the present experiment, one group of calluses was dried rapidly (8 
to 10 hours), while the other group of calluses was dried slowly (30 to 36 hours). These 
calluses with different drying time were stored fori, 4, or 8 weeks before being placed 
directly in MS agar media in groups of 4 for observation. 

(2) Results of the experiment 

Tables 7, 8, and 9 show the reproduction rate of plant bodies dry-stored for 1 , 4, or 8 
weeks. 



Table 7 



Dry-Storage Period: 1 week 


ABA Concentration (M) 


Drying Time: 8 to 10 Hours 


Drying Time: 30 to 36 Hours 


0 


+ + + + + + + + + + + + 


+ + + + + + + + + + + + 


10 -6 


4- + + + + + + + + + + + 


+ + + + + + + + + + + + 


10* 


+ + + + + + + + + + + + 


+ + + + + + + + + + + + 


10* 4 


± ± ± ± 


+ + + + + + + + + + + 


Table 8 


Dry-Storage Period: 4 week 


ABA Concentration (M) 


Drying Time: 8 to 10 Hours 


Drying Time: 30 to 36 Hours 


0 


+ + + + + + + + + + + + 


+ + + + + + + + + + + + 


10* 6 


+ + ++ + +++ + 


+ + + + + + + + + + + + 


io- 


+ + + + + -f + + + + + + 


+ + + + + + + + + + + + 


IQ- 4 


+++ + + + 


+ + + + + + + + + + 



Table 9 



Dry-Storage Period: 8 week 


ABA Concentration (M) 


Drying Time: 8 to 10 Hours 


Drying Time: 30 to 36 Hours 


0 


+ + + + + + + + 


+ + + + + + + + + + + + 


icr 6 


+ + + + + + ++ + 


+ + + + + + + + + + + H- 


10* 


+ + + + + + + + + + + + 


+ + + + + + + + + + + + 


10^ 


+ + + + + + . 


+ + + +4-+ + + + + 



In the tables above, + + + indicates that a number of seedlings were reproduced and + + 
indicates a few seedlings were reproduced, while + indicates that only 2 or 3 seedlings 
were reproduced and ± means that the calluses remained white and did not produce 
seedlings. Tables 7 and 8 show the number of calluses that survived and reproduced 3 
weeks after the dried calluses were placed in MS agar media. During this period the 
temperature was kept at 27°C. Table 9 shows the number of calluses that survived and 
reproduced 2 weeks after the dried calluses were placed in MS agar media. During this 
period the temperature was kept at 27°C. 

As is clearly shown in Tables 7, 8, and 9, a large number of plant bodies were reproduced 
from the calluses that had been dried slowly for 30 to 36 hours, without much depending 
on the ABA treatment they had received. This shows that carrot adventitious embryos can 
withstand a long-term storage. 

Experiment V: 

(1) Method of experiment 

Soft, yellowish-white calluses were cultured for 2 weeks in MS basal media 
containing 0, 10" 6 , 10' 5 , and lO^M ABA and dried for 12 hours in deep plates containing 
silica gel in the same manner as in Experiment IV. These calluses were stored for 1 week 
or 10 months before being directly placed in MS agar media for observation. 

(2) Results of the experiment 

Tables 10 and 1 1 show the reproduction rate of plant bodies dry-stored for 1 week or 
1 0 months. 



Table 10 



Dry-Storage Period 


1 Week 


ABA Concentration (M) 


Number of Sample Calluses 


Number of Survivor Calluses 


0 


30 


26 


10" 6 


30 


26 


io- 3 


30 


30 


10- 


30 


27 



Table 1 1 



Dry- Storage Period 


10 Months 


ABA Concentration (M) 


Number of 
Sample 
Calluses 


Number of Survivor Calluses 






1 Week 


2 Weeks 


3 Weeks 


4 Weeks 


0 


27 


0 


3 


. 4 


6 


10^ 


30 


0 


5 


6 


8 


10* 


30 


0 


12 


12 


15 


lO" 4 


3 


0 


8 


10 


10 



Table 1 0 shows the number of calluses that survived and reproduced at a temperature of 
27°C 2 weeks after the calluses that had been stored for 1 week were placed in MS agar 
media. Table 1 1 shows the number of calluses that survived and reproduced at a 
temperature of 27°C 1 , 2, 3, or 4 weeks after the calluses that had been stored for 10 
months were placed in MS agar media. It is observed that the effect of ABA treatment 
increases as the dry-storage period becomes longer. 

As is demonstrated by Experiments I through V, the adventitious embryos that exist in 
calluses withstand the drying treatment well and can be stored for at least 10 months if 
the ABA treatment is applied. The dry-storage is still presently under way and it is 
surmised that the adventitious embryos in dried calluses can withstand a considerably 
long storage. Furthermore, it has been confirmed that 35% of torpedo-shaped adventitious 
embryo samples having an embryo as long as or longer than 0.5 mm but shorter than 1 
mm, which were dried after being separated from calluses, produced plant bodies. 



[Effect of the invention] 



As described above in detail, it is now possible according to the present invention to offer 
an excellent method of manufacturing synthetic seeds that can be stored for a long period 
of time by drying adventitious embryos, while, conventionally, such a long-term storage 
has been impossible. 

4. BRIEF EXPLANATION OF FIGURES 

Fig. 1 shows a photograph of the state of living beings reproduced from a callus 
that was dried after being cultured in ABA 10" 5 M for 3 days. Figs. 2 and 3 are 
photographs showing the state of living beings reproduced from calluses that were dried 
and stored for 6 and 14 days respectively after being treated with ABA on paper filters. 
Fig. 4 is a photograph showing the state of living beings reproduced from calluses that 
were dried and stored for 14 days after being treated with ABA on agar. Figs. 5 and 6 are 
photographs showing the state of living beings 2 weeks and 5 weeks respectively after 
torpedo-shaped adventitious embryos were dried and placed on MS basal media. 

Attorney for the application: Takehiko Suzue, patent attorney 
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